In the patient with congenital heart disease, the phenomenon termed 'circular shunt' implies that some of the right-to-left shunted blood returns to its chamber of orgin through intracardiac channels or communications, hence bypassing the systemic capillary bed. We are reporting the angiographic appearance of a right-sided 'circular shunt' in 2 patients with pulmonary atresia, diminutive, hypertensive right ventricle, and intact ventricular septum. In these patients the intramyocardial sinusoids and diverticula form the anatomical basis for the right-sided 'circular shunt': blind, hypertensive right ventricle->intramyocardial sinusoids-1coronary artery--coronary venous system-*coronary sinus--right atrium--right ventricle. It is suggested that retrogradeflow through these intramyocardial sinusoids may impede or limit normal diastolic coronary artery perfusion and may predispose to myocardial ischaemia and dysfunction. In addition, the natural history of these intramyocardial sinusoids and diverticula is discussed.
The concept of a 'circular shunt' in the patient with congenital heart disease was previously introduced by Shone and associates (I962) . In the typical rightto-left intracardiac shunt, the blood participating in the shunt passes through the systemic capillary bed before it returns to its chamber of origin. In the phenomenon termed 'circular shunt', however, some of the shunted blood returns to its chamber of origin through intracardiac channels or communications, hence bypassing the systemic capillary bed.
There have been 3 adequately documented cases of 'circular shunt' (though undoubtedly there are more that are unreported). In 2 (Jue, Noren, and Edwards, I966) , pulmonary atresia with a left ventricular-right atrial communication formed the anatomical basis for the circular shunt. In the other case (Shone et al., I962) , right atrial blood was shunted into the left atrium. Some of this blood was further shunted through a small ventricular septal defect into the right ventricle. Then in the presence of tricuspid regurgitation and severe pulmonary stenosis, some of the blood which had originated in the right atrium returned to that chamber to complete the circular shunt.
In two recently studied patients with pulmonary atresia, diminutive right ventricle, and intact ventricular septum, a right-sided 'circular shunt' was demonstrated angiographically. The role of intramyocardial sinusoids as the basis for the circular shunt in these patients is the subject of this report.
Patients
Both patients presented in the first two days of life with cardiac cyanosis and profound hypoxaemia. Clinical examinations, chest radiographs, and electrovectorcardiograms were typical of pulmonary atresia, hypoplastic right ventricle, and intact ventricular septum (Gamboa, Gersony, and Nadas, I966; Gersony et al., I967) . Both patients underwent cardiac catheterization and angiography. Their haemodynamic data are summarized in the In the present cases, the intramyocardial sinusoids obviously communicate with the coronary arterial tree. Contrast material densely opacified sequentially the sinusoids, coronary artery, coronary venous system, and coronary sinus as well as the coronary ostium and aortic root. Thus, the intramyocardial sinusoids form the basis for this rightsided circular shunt in pulmonary atresia with intact ventricular septum (Fig. 4) .
The observation that dense opacification of the coronary venous system occurs quite early is suggestive of direct communication between the intramyocardial sinusoids and the coronary venous system, though this has not been substantiated.
Though these sinusoids act as a passive conduit for the egress of blood from the blind right ventricle in the patient with pulmonary atresia and relatively competent tricuspid valve, do they by virtue of their communication with the coronary arteries contribute to myocardial ischaemia ? Numerous reports have documented the communication of these sinusoids with the anterior descending coronary artery (Cornell, I966; Davignon et al., i96ib; Elliott et al., I963; Guidici and Becu, I960; Lauer et al., I964) . As right ventricular systole will be prolonged in the patient with pulmonary atresia and intact ventricular septum, it is conceivable that normal aortic diastolic filling of the coronary arteries will be impaired by retrograde filling of the coronary arteries via the sinusoids, thus predisposing to ischaemic changes and myocardial dysfunction. It is of interest that left ventricular strain patterns have been recognized in the electrocardiograms of patients with pulmonary atresia and intact ventricular septum, before the performance of a systemic to pulmonary anastomosis (Celermajer et al., I968; Elliott et al., I963; Gamboa et al., I966; Schrire, Sutin, and Barnard, I96I). In our patient (Case i), in the absence of significant left ventricular diastolic overload, the ejection fraction both by ultrasound and by angiography was less than o 4o, consistent with significant left ventricular dysfunction. While it has been previously documented that left ventricular subendocardial muscle must receive all or most of its flow during diastole because intramyocardial compressive forces are highest in this area and hence prevent systolic perfusion of this muscle layer (Vincent, Buckberg, and Hoffman, I974; Buckberg et al., 1972) , it is possible that the left ventricular ischaemia and dysfunction might be related to the intramyocardial-sinusoids-coronary artery communications in the patient with severe right ventricular hypertension.
The natural history of the intramyocardial sinusoids in the patient with pulmonary atresia, hypertensive right ventricle, and intact ventricular septum is largely undefined. Regression of intramyocardial sinusoids has been observed in those patients in whom satisfactory decompression of the hypertensive right ventricle has been achieved by pulmonary valvotomy and infundibulectomy. In some patients studied serially in our institution the angiographic appearance may appear the same, or significant changes may be observed. In at least one patient a single large communication between
Contributions of intramyocardial sinusoids in pulmonary atresia Io65 intramyocardial sinusoid and coronary artery was identified at 2 days of age. Repeat study using similar angiographic technique at 5 months of age failed to demonstrate this intramyocardial sinusoidcoronary artery communication. There are two possible explanations for this observation. In situ thrombosis may have led to obliteration of the intramyocardial sinusoid and its communications. This seems unlikely because thrombosis in these channels has not been noted previously in published reports or in our own experience. It is more likely that secondary endocardial sclerosis may have occluded the endocardial orifice to the intramyocardial sinusoid. This seems more tenable because secondary endocardial sclerosis is well documented in these patients (Elliott et al., I963) .
Although intramyocardial sinusoids are not unique to the patient with pulmonary atresia and intact ventricular septum, they are found most commonly in this group. Grant has previously suggested (Grant, I926) that the intramyocardial sinusoids and diverticula represent abnormal persistence and ectasia of the intratrabecular spaces and their primitive communications with the coronary artery system, and their persistence is related to the severe fetal right ventricular hypertension.
Intramyocardial sinusoidal-coronary artery communications can occur with other significant anatomical variations in the coronary arteries. Recently, a most unique case was reported (Lenox and Briner, I972) . They described the clinical and necropsy findings of a 2-month-old infant with absent proximal coronary arteries, pulmonary atresia, intact ventricular septum, hypoplastic right ventricle, and Ebstein-like anomaly of the tricuspid valve. The coronary arteries in this patient were not connected to either the aorta or pulmonary artery, but originated from the intramyocardial sinusoids.
In summary, the intramyocardial sinusoids and diverticula are basic to a right-sided circular shunt in the patient with pulmonary atresia, hypoplastic and hypertensive right ventricle, and intact ventricular septum. They serve as a passive conduit for the egress of blood from the blind right ventricle, and may hinder normal diastolic coronary artery perfusion and hence predispose to ischaemic myocardial dysfunction.
